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Summary & Conclusions
• Cold laboratory plasmas are a versatile tool for the generation of
astrochemically relevant molecular ions and for the study of their stability in
different media. In plasmas dominated by H2 the H3+ ion is the initiator of
protonation chains.
• Both N2H+ and NH4+ are easily formed in discharges containing nitrogen and
hydrogen. Given the high proton affinity of NH3, the ammonium ion constitutes
often the end of a proton transfer chain and tends to concentrate most of the
positive charge. It does not react with H2 and it is likely present in many
astronomical environments.
• ArH+ is found in Ar/H2 plasmas over a limited interval of H2 relative
concentrations. The ion is destroyed by H2 and re-formed by vibrationally excited
H3+. In space, its presence should be restricted to regions with a very low
concentration of H2
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• Thanks to their spectroscopic fingerprints, more than 200 molecular species have been detected up to date in space. Some of them are unstable under
normal terrestrial conditions, such as a good number of protonated ions. These ions are usually produced in laboratories by cold plasmas generated in low
pressure electrical discharges, where their spectroscopic characterization provides very useful data for the astrophysical research. Moreover, the investigation
of the plasma kinetics is of great interest for the optimization of the desired ion densities, and also for the identification of likely pathways of generation and
destruction of these species in space.
• In this work, the formation of ArH+ and NH4+ in low pressure (~1 - 8 Pa) discharges of Ar + H2 and N2 + H2 mixtures with varying relative concentrations
of the precursors is studied both experimentally and theoretically [1,2]. The dependencies of the different ion densities on electron temperature, gas
pressure, and relative concentration of the precursors are characterized. The kinetic models developed for both systems include electron impact ionizations
and dissociations, gas phase barrier-less bimolecular reactions, and surface processes, and are able to reproduce reasonably well the observed results.
• Electrical discharges similar to those studied here have been used in our laboratory for the measurement of the high resolution IR spectrum of the  band
of NH3D+ [3] and the vibration rotation spectrum of 36ArH+ and 38ArH+ [4], with higher precision and with more measured lines than previously available in
the literature. All these ions have been recently discovered in space [5-7].
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Kinetic Models
• Two zero order kinetic models (for Ar + H2 and for N2 + H2
discharges) are employed for the interpretation of the
experimental results [1,2]. They are based on the respective sets
of coupled differential equations describing the time evolution of
the concentrations of neutral and ionic species from the ignition
of the discharge to the attainment of the steady state.
• The models account for the main physico-chemical processes
(electron impact dissociation and ionization, ion-molecule
reactions, neutralization at the wall and heterogeneous
chemistry).
• Bimolecular reactions between neutrals are in general
unimportant for low temperature plasmas and have not been
included. Three body reactions have been neglected too at the
low pressures studied.
Experimental Set-up PLASMA GENERATION
Hollow cathode DC discharge reactor
[1,2], with electron gun for plasma
ignition at low pressures.
DIAGNOSTIC TECHNIQUES
Quadrupole mass spectrometry:
• For ions with ion energy resolution.
• For stable neutrals.
Visible emission spectroscopy:
For excited stable and transient species.
Double Langmuir probe: Charge 
density Ne and electron temperature Te
PLASMA CONDITIONS
Total pressures: 0.8-8 Pa , Residence 
times 0.45-0.7 s. Tgas Trotational 350K 
(measured by emission spectroscopy)
Te 2.8 – 4 eV (Maxwellian) ,
Ne 1010-1011 cm-3
Fig. 1 Experimental Set-up
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N2+H2 Plasmas: Neutrals and Protonated Ions
Fig.2 Evolution of the relative concentrations of neutral
molecules (lower panel) and protonated ions (upper
panel) as a function of the initial fraction of N2 in H2/N2
discharge mixtures. Symbols: Experiment. Lines: Model.
The NH4+ ion is derived from the small amount of
NH3 produced at the reactor walls. NH4+ tends to be
preponderant in the ion distributions even for NH3
density ratios as low as 1%. Due to the high proton
affinity of ammonia, this molecule is readily
transformed into NH4+ upon collision with H3+ or
N2H+.
Ar+H2 Plasmas: Ions
Fig.3 Ion concentrations in Ar+H2 discharges at 8 Pa and 1.5 Pa
with different Ar/H2 ratios. Experimental and model results.
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ArH+ Formation
1) e+ Ar→ Ar++ 2e
2) Ar+ + H2→ArH++H
ArH+ Destruction
ArH++H2 H3+(v)+ Ar
Key reactions:
Main protonation reactions:
H2++ H2→ H3++H
H3++ N2→ N2H++H2
H3++ NH3→ NH4++H2
N2H++ NH3→ NH4++N2
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